River habitats for salmonids on the River Lune catchment by unknown

River Habitats for Salmonids on the River Lime 
1. Introduction 
1.1. An extensive survey of the River Lune using River Habitat Survey (RHS) was 
commissioned to assess the habitat quality of the Lune for salmonid fish. 
1.2. The main river on the Lune and tributaries were divided into 500m sections (1 
RHS=500m). A sample of 103 sections (25% of the total classified length) was 
randomly selected and surveyed in February/March 99. 
1.3. The data was inputted on the RHS database on Access and analysed using Minitab, 
Excell and GIS Arc View. 
1.4. Two sets of data were analysed for the purpose of this project: the first set was 
collected recently throughout the catchment (103 random sites, 25% coverage of 
main river) the second set was collected from 1994 to 1996 as part of the reference 
network (37 random sites, 9% coverage of main river). 
1.5. The 2 sets of data are different in terms of their format and the time of survey. The 
most recent sites were surveyed in Winter at moderate to high flow conditions using 
the latest survey format, whereas the 'reference' sites were surveyed in 
Spring/Summer at low flows during drought episodes with slightly different -but still 
comparable- survey formats. 
1.6. The comparison of the 2 dataset is valuable because of the insight it provides on the 
catchment dynamics. 
2. Statistical analyses 
2.1. Summary statistics were produced on most habitat features of importance to 
salmonids (Barnard et al, 1995). These included informations on the distribution 
and extent of flow features (e.g. riffles, pools, rapids etc.), substrate types, tree and 
associated features and bank profiles (Table 1). Information on land-use and 
management was also included in the analyses. 
2.2. A Habitat Modification Score (HMS) describing the level of habitat modification was 
derived for each site and compared to the whole reference network and to rivers of 
similar types in Britain (Fig. 8 and 9). The HMS scores obtained were put into 5 
broad classes (Habitat Modification Index, HMI) following the procedure described 
by Raven et al. (1998). 
2.3. Rivers of similar types were selected using a selection procedure based on a Principal 
Component Analysis (PCA) map (Jeffers, 1998). The RHS sites are displayed on the 
map according to geographical situation and energy. All sites from the reference 
network have been plotted in grey and the sites on the Lune have been plotted in red 
(Fig. 10). A sample of reference sites falling within the same area of the map as the 
Lune sites was selected for comparison. Solid geology was added to further select 
the sites. Eventually, a sample of 266 sites was retained for comparison. 
2.4. Correspondence Analysis (CA) was carried out on data from the spot-checks, 
particularly substrate, flow-type and channel vegetation. CA enables to derive main 
habitat dimensions within the catchment. The dimensions derived from the CA were 
correlated amongst each other and compared to the dimensions derived from the 37 
sites collected under low flow conditions. 
3. Results 
3.1. The Lune catchment is mainly a high energy upland system (see Fig. 10) flowing 
through glacial and alluvial deposits. 
3.2. The 266 reference sites selected for comparison using the PCA map are very similar 
to the Lune in terms of their features and dynamics. 
3.3. The analysis of Habitat Modification scores show that more than 70% of the sites on 
the catchment are predominantly unmodified and very few sites are significantly 
modified (less than 10% of the sites). This is significantly better than the overall 
modification levels in British rivers (Fig. 8), but is average when compared to rivers 
of similar type (Fig. 9). 
3.4. Altogether, the Lune presents very low levels of Habitat Modification (Fig. 1). 
Highly modified sites are concentrated in the urban areas (Fig.4) and on the 
tributaries. Urban land-use is fairly uncommon. The main land-uses present are 
agricultural or broad-leaved woodland (Table 1 and Fig. 6). The high modification 
scores are caused in most cases by the presence of bank re-inforcements (Fig. 2). 
The Lune showed few major channel structures likely to restrict fish migration such 
as weirs (Fig. 3), culverts or dams (Table 1 and Fig. 7). 
3.5. The summary statistics show that most habitat features of importance to salmonids 
are extensively present throughout the catchment. 
3.6. Despite the extensive occurrence of agricultural land-uses (dominant land-use on 
more than two-thirds of the sites; see Fig. 4)) trees and associated features are 
widespread throughout the catchment (Table 1 and Fig.3). 
3.7. Cover for fish as indicated by the occurrence of boulders, undercut banks, tree shade, 
tree overhang (Fig. 2) and underwater root system, is also widely available 
throughout the catchment (see Table 1). 
3.8. Substrate mix is highly dominated by large substrates (Fig. 5) such as Boulder, 
Cobble and Bedrock. Cobbles dominates in most of the main stem and the tributaries 
(cobbles are dominant in 50% of the sites). Gravel/pebbles are poorly represented in 
the catchment present only at 8% of the sites), and silt and sand are only present in 
areas impacted by management structures (13 sites). 
3.9. The channel flow is highly dominated by high velocity features (Table 1 and Fig.6) 
such as rapids (extensive at 48% of the sites) cascades (extensive at 27% of the sites) 
and runs (extensive at 62% of the sites). Although riffles (Table 1 and Fig. 2)were 
present at more than 50% of the sites, they were rarely dominant. Waterfalls 
occurred at more than 25% of sites. 
3.10. Channel substrate and flow were further described using Correspondence 
Analysis. The CA on substrate isolated a series of environmental dimensions (Table 
2). The first axis describes a gradient from boulder dominated streams to cobble 
dominated sites and represents more than 30% of the total variability. The other 
dimensions described similar gradients, most of which involved large substrates. A 
CA on flow enabled to derive 3 main dimensions explaining 64% of the total 
variability (Table 3). These represented gradients between cascade flow to rapids for 
component 1, rapid/cascade to riffle for component 2, and finally run to glide for 
component 3. The predominance of fast flow-types shows the levels of energy going 
through the system. 
3.11. Spearman rank correlations between substrate components and flow showed 
strong relationships between flow condition and substrate mix (Table 5). The 3 main 
flow dimensions are in fact highly correlated to the first substrate dimension: the 
gradient between boulder and cobble dominated sites. 
3.12. Channel vegetation was also analysed using CA and correlations (Table 4). In 
fact, only 3 vegetation types were represented. Bryophytes were present in more 
than 75% of the sites, reeds in 12% of the sites and submerged vegetation in less than 
5%. The distribution of vegetation types was highly correlated to the main flow and 
substrate .dimensions. Substrate component 1 (boulder/cobble) and flow component 
1 (cascade/rapid) were correlated to all vegetation types. The predominance of 
bryophytes plants, adapted to high flow conditions, and the absence of slow flowing 
vegetation types gives again an insight on the levels of energy. 
3.13. Bank erosion was also analysed (Table 1 and Fig. 7). 91% of the sites 
presented some signs of erosion. 47% of the site had more than half of the bank 
length showing obvious signs of erosion and 74% of the Lune banks have bare faces. 
Erosion occurrence was positively correlated to the first 2 flow dimensions. Erosion 
was not significantly correlated to land-use. 
3.14. The flow dimensions were compared to the data collected in 1994-1996. A 
CA isolated 2 main flow dimensions explaining 50% of the total variability (Table 
6). The main dimension represented a gradient between cascade and glides, the 
second gradient was associated with riffles and runs. The picture is different from 
the previous analyses. Fast flow-types are represented in the main gradients, but 
slower flow-types such as riffles, glides and runs dominate. 
4. Conclusion 
4.1. The Lune is a high energy upland river system 
4.2. The levels of energy could be seen through the distribution of substrates (mainly 
cobble, boulder) and flow-types (rapids and runs). Fine substrates and slow flow-
types were poorly represented. 
4.3. Energy drives large amounts of erosion, although no fine deposit could be found in 
the channel. Erosive features were present at nearly all sites and did not seem to be 
correlated to land-use, although the analyses did not account for changes in run-off 
patterns brought about by land-use. 
4.4. Land-use is dominated by agricultural land and woodland. The impact of agricultural 
land-use can be seen through the distribution of bank vegetation structure. Less than 
20% of the banks had a diverse bank vegetation structure. 
4.5. More than 70% of the catchment shows little signs of obvious modification to the 
channel and banks. 
4.6. Most habitat features important to salmonids were widely distributed throughout the 
catchment. 
4.7. Channel substrate, however, was dominated by cobbles and flow-types were 
dominated by rapids. Salmonids ideally require gravel/pebble substrate and riffles. 
Although salmon can spawn into fast flowing riffles dominated by cobble substrate, 
the dominance of a such combination of flow and substrate over the catchment is 
likely to restrict the extent of spawning to larger and stronger individuals. 
4.8. Also, the comparison of low flow to moderate flow showed how the system responds 
to increasing flow conditions. Under low flow, the Lune presents a mix of fast and 
slow flow-types. Under higher flow condition, the entire system is dominated by 
cascades, rapids and runs. Such drastic variations could potentially affect the 
stability of spawning sites and the egg survival. 
4.9. The flow condition in the Lune is illustrated by the distribution of channel 
vegetation, 
4.10. In conclusion, the analyses of the data collected suggest that although river 
habitats are altogether of good quality, the natural processes within the catchment 
may reduce spawning habitats for salmonids. The river processes appear to be driven 
by natural forces, although land-use is likely to impact on the levels of run-off. 
Further analyses using fisheries data on the Lune will investigate the relationship 
between the major environmental dimensions and fish distribution on the catchment. 
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Lune Fisheries Statistical Analysis 
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